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Abstract 

The LHCb has discovered two new states with preferred J p quantum numbers 3/2~ and 5/2 + 
from A b decays. These new states can be interpreted as hidden charm pentaquarks. It has been 
argued that the main features of these pentaquarks can be described by diquark model. The diquark 
model predicts that the 3/2“ and 5/2 + are in two separate octet multiplets of flavor SU( 3) and 
there is also an additional decuplet pentaquark multiplet. Finding the states in these multiplets 
can provide crucial evidence for this model. The weak decays of b-baryon to a light meson and a 
pentaquark can have Cabibbo allowed and suppressed decay channels. We find that in the SU(3) 
limit, for G-spin related decay modes the ratio of the decay rates of Cabibbo suppressed to Cabibbo 
allowed decay channels is given by | | 2 /1| 2 . There are also other testable relations for b-baryon 
weak decays into a pentaquark and a light pseudoscalar. These relations can be used as tests for 
the diquark model for pentaquark. 
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Introduction 

The LHCb collaboration lias recently discovered two new states [lj which can be inter¬ 
preted as two different pentaquarks V from A b —> V + K, followed by V —> J/il> + p. This 
has generated a lot of theoretical investigations (2l4li| . The quark contents can be identified 
as ccuud. Although the states contain charm quarks, they are hidden charm pentaquarks 
because c and c appear together and the net charm quantum number is zero. The best fit 
quantum numbers J p and their masses are 

J p = 3/2“ with a mass of 4380 MeV, and J p = 5/2 + with a mass of 4450 MeV . (1) 


Experimentally quantum numbers 3/2“ and 5/2 + for these two states are not ruled out. 

The existence of these states P c (4380) and P c (4450) need to be further confirmed as 
there may be some other effects which can minic similar effects 0, EH- If these states 
are genuine pentaquarks, one may ask whether they are molecular states of two hadrons or 
composite hadron systems [2(-[5|, |7|, 10. 141. o r a tightly bound five quark system [ ccqq'q "], or 
the quarks bound in other forms(9|, 12, [l5]. It is intriguing that the E C D* in the S-wave 


state has a mass very close to the P c (4450). Such a molecular state was actually studied 
just before the experimental discovery[2]. With E c /)* and £*/)* bound sates one can obtain 
both P c (4380) and P c (4450) states[3j]. These prompt the speculation that the pentaquarks 
might be molecular states. On the other hand, it has been argued that the two pentaquarks 
from the LHCb are five quark systems organized in [ q'q"] and [cq] diquarks [sj], and the c, 
the diquark model for pentaquark. The diquark model also has supports from tetraquark 
studies ji|]. At present, with limited data it is not possible to distinguish whether the 
pentaquarks are molecular states or more tightly bound quark states or even mixture of 
these states. The diquark model has simple structure to analysis. We also find it very 
predictive. Therefore in this work we choose to study some properties of diquark model for 
the pentaquarks discovered at the LHCb. 


Diquark Model for Pentaquarks 

In the diquark model the two pentaquarks from the LHCb are five quark systems orga¬ 
nized in [q'q"] and [cq] diquarks[f|, and the c. More explicitly indicated as the following 

V = e a0 ^c a [cq]8, s =o,iWqX s= o.i, L} (2) 


where the greek letters are color indices and s indicates the spin. 

Under flavor SU(3) symmetry, the diquark [q'q"] transforms as 3 and 6 and the diquark 
[cq] transforms as a 3. Therefore the pentaquarks can have 3 x 3 = 1 + 8 and 3x6 = 8 + 10 
multiplets. We indicate the pentaquarks with 3 and 6 by Va and Vs, respectively. Assuming 
that the two pentaquarks have J p = 3/2“ and J p = 5/2 + , these two fields are component 
fields in octet multiplets with the following spin diquark combinations fit the picture well j^] 


V s (3/2~) = e a ^{c a [cq\ d , s=1 [q'q"] 1 , s=1 ,L = 0} 

V A { 5/2 + ) = e a ^{c a [cq]^ s =i [q'q%, s=o, L = 1} (3) 
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We denote the octet pentaquark component fields as 
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For J p = 3/2 , there should also be a decuplet Vijk (totally symmetric in sub-indices) 
multiplet. The component pentaquark fields are 
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The two observed pentaquarks are identified as p 8 (S/2~) and p$(5/2 + ), respectively. 
It is clear that there are other members of pentaquarks. Similar to the decay channels 
p 8 ( 3/2 _ ,5/2 + ) —$■ J/ijj + p, the pentaquarks in the octet and decuplet will be able to decay 
into a J/^i plus baryons in the low-lying octet and decuplet, respectively. For J p = 5/2 + , 
there should be a companion singlet pentaquark 5. However, there is no low-lying baryon 
singlet, 5 will not be able to decay into a J/ip plus an ordinary low-lying baryon, but 
may be an ordinary baryon and multi-mesons forming a 577(3) singlet. The masses of 
the pentaquarks are degenerate in the 51/(3) limit. But may be different due to s-quark 
mass being much larger than u- and d-quarks. Estimate of mass differences for some of 
the pentaquarks in the diquark model has been carried out in Ref. 15]. Discoverying these 


additional pentaquarks identified above is one of the way to verify the diquark model for 
pentaquark which can in principle be carried at the LHCb. 


Pentaquark Weak Decays 

We now discuss weak decay modes of b-baryon into an octet or a decuplet pentaquark and 
a light pseudoscalar octet meson. The leading effective Hamiltonian inducing B —> Ai + V 
decays in the SM has both parity conserving and violating parts given by 

4 Gf 

HefM) = -^[VrfV^d O, + c 2 0 2 ), (6) 


where q can be d or s. Vij is the CKM matrix element. The coefficients C\^ are the Wilson 
Coefficients (WC) which WC have been studied by several groups and can be found in 


Ref. 16], The operators O* are given by 


Oi = (qiC^v-A(cibj) v-a , 0 2 = (qc) V - A (cb) V - A , (7) 

where ( ab)y±A = 07^(1 ± 75 ) 6 . In the above, we have neglected contributions from penguin 
diagrams since they are significantly smaller than the tree contributions given above. 
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The operators O 12 transfer under the flavor SU(3) as a 3. We indicate it as H{ 3). The 
non-zero entries of the matrices H( 3) are given as the following, 

H( 3) 2 = 1 , for AS = 0, q = d, 

H(3) 3 = 1 , for AS = -1, q = s . (8) 


For q = s, the decay amplitude is proportional to V cs , which we refer to as Cabibbo 
allowed interaction. For q — d, the decay amplitude is proportional to V c d , which is Cabibbo 
suppressed interaction. 

The low-lying B b-baryons are made up of a b quark and two light quarks. Here the 
light quark q is one of the u, d or s quarks. Under the flavor SU( 3) symmetry, the b quark 
is a singlet and the light quark q is a member in the fundamental representation 3. The 
b-baryons then have representations under flavor SU(3) aslx3x3 = 3 + 6, that is, the 
b-baryons contain an anti-triplet and a sextet in the SU(3) flavor space[17] • The anti-triplet 
B and the sextet C b-baryons will be indicated by 
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The pseudoscalar octet mesons will be indicated by A4. They are 
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At the hadron level, the decay amplitude can be generically written as 


A= (PM\H, /f (q)\B or C) = V cll V'T(q). 


( 11 ) 


To obtain the SU (3) invariant decay amplitude for a b-baryon, one first uses the Hamilto¬ 
nian to annihilate the b-quark in B (or C) and then contract SU (3) indices in an appropriate 
way with final states V and A4. Taking the anti-triplet tree amplitude T t (q) and sextet tree 
amplitude T x (q) as examples, following the procedures for b-baryon charmless two-body 
decays in Ref. jl8j, we have 


and 
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The SU (3) invariant decay amplitude involve decuplet pentaquarks can be written as 
10 (g) = a t i 0 (VkjiMi\H(3) l \Bij) , 

Tsio{q) = aswiVkjiMtlHffilCij) + b sW {V kji M k l \H(3) l \C ij ) . (14) 

For B baryons decay into V, there are six possible terms as far as SU(3) properties are 
concerned. The dominant contributions are from terms with coefficients q(3), dt( 3), e*(3) 
and ft( 3). In figure 1, we show diagrams correspond to these terms. In these figures, the 
quarks g*, q# and q t " are contracted by the totally antisymmetric tensor e 11 ' 1 " or eu>i". This 
property plays an important role in determining whether 3 or sextet diquarks are allowed 
to form. The two terms with coefficients a t ( 3) and b t ( 3) are allowed, but it turns out that 
for these two terms the V state is actually a higher order fork state with the same SU(3) 
quantum numbers but with more quark contents as can be seen in figure 2. Therefore, one 
expects that the coefficients a t ( 3) and b t ( 3) to be smaller than c t ( 3), d t ( 3), e t (3) and f t ( 3). 
We will include all in our later discussions. For the properties we emphasis will not be 
affected whether to include a t (3) and b t ( 3) or not. 

For C baryons decay into V, only three possible terms, terms with coefficients, d s ( 3), 
e s (3) and f s ( 3). The corresponding diagrams are shown in figure l.b, l.c, and l.d. Because 
the two light quarks in C are symmetric, similar terms to those with coefficients a* (3), b t (3), 
c t ( 3) for B decays are identically zero. 

For B and C baryons decay into decuplet, the final light quarks need to be in totally 
symmetric state. There are less possibilities. I 11 figure 3 we show the corresponding diagrams 
for the allowed terms. 

In the above, we have suppressed the Lorentz indices and spinor forms, but concentrated 
in SU{3) flavor indices. The results apply to 3/2“ and also 5/2“ multiplets. Expanding the 
above amplitudes, one can obtain the individual decay amplitude. The full expansions are 
given in the appendices. From these results, one can read off many properties concerning 
weak decays of b-baryons to a pentaquark and a light pseudoscalar. We present some of 
the interesting properties in the following. 

Discussions and conclusions 

We begin with discussing b-baryons decay into octet pentaquarks. The two pentaquarks 
discovery at the LHCb belong to this category. Without a detailed dynamic model, one can 
not calculate the size of the various SU(3 ) amplitudes, but the flavor SU(3 ) symmetry can 
relate to different decay modes and can be tested experimentally. Since the J p = 3/2“ and 
J p = 5/2 + belong to different octet, there are no relations among the decay amplitudes 
related to these two pentaquarks. But within each multiplet with the same J p , there are 
relations which can be tested experimentally. 

We find the [/-spin related amplitudes (AS = 0 and AS = — 1) for anti-triplet satisfy 
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FIG. 1: Figure l.a corresponds to the term with coefficient cj(3). 3 diquarks can be formed by 
(Qi'Qi") pair only. The pentaquark is formed by ccqkqi'qi"- Figure l.b corresponds to the term 
with coefficients dt( 3) and d s ( 3). Possible 3 diquarks can be formed by ( qiQi »), ( q&j /) and ( qi"qj') 
pairs. Possible sextet diquark can be formed by ( qyiqy ) and (qiqj')- The pentquark is formed by 
ccqiqi'iqji. Figure l.c corresponds to the term with coefficients et( 3) and e s (3). Possible 3 diquarks 
can be formed by (qiqi"), (qiqj 1 ) and ( qi"qj ') pairs. Possible sextet diquark can be formed by (qiqj') 
and ( qvqj ')■ The pentquark is formed by ccqiqi'iqji. Figure l.d corresponds to the term with 
coefficients ft( 3) and f s ( 3). Possible 3 diquarks can be formed by (")> (q-iMj) and (. q^qj ) pairs. 
Possible sextet diquark can be formed by (qiqj) and (qi»qj). The pentquark is formed by ccq^iqj. 



FIG. 2: In the above two figures, the quarks qi'qi" are in 3 flavor state. Figure 2.a corresponds 
to the term with coefficient a*(3). Possible 3 diquarks can be formed by (qiqi'), (qiqi") and (qi'qi") 
pairs. The Vf can be viewed as a singlet pentaquark formed by ccq^qi « bounded with an octet 
(qkqi) state. Figure 2.b corresponds to the term with coefficient bt( 3). Possible 3 diquarks can 
be formed by ( qiqc ), (qiqi") and (qi'qi") pairs. The Vj can be viewed as a pentaquark formed 
by ccqi'qi'iqi bounded with an octet (qkqj) state. In Figures 2.a and 2.b the V states having 
the same quantum number as the LHCb observed pentaqaurk are higher order fork states. The 
corresponding coefficients a t ( 3) and bt( 3) are expected to be smaller than q(3). 
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FIG. 3: Figure 3.a corresponds to the term with coefficients Ofio and « s io- Possible sextet diquarks 
can be formed by (qjqi c ), (qjqi) and (qkqi) pairs. Figure 3.b corresponds to the term with coefficient 
6 s io- Possible sextet diquarks can be formed by ( q. L qj ), (qiqk) and ( qjqk ) pairs. 


the following relations 


T,( -> K~n a ) = T,( Sj -> 7T-=») , 
T,(S; -4 A»E 8 ) = T,(E t - -0 A°E 8 ) . 
T t (S» -0 7T-E 8 +) = -T,(A“ -0 K-ps) , 
T t (E« -o *+Ep = -T,(A° -0 A+E 8 ) 
T t (H» -0 K~p s ) = -T( A» -> 7T-E+) , 


H(S? -0 A°n 8 ) = -T,(A° -0 A°E») , 

T t (=» -0 A°E“) = —T t (A° b -0 A%) , 

T,(A° -» jr-ps) = -T«(E° -> A"E+) , 
t,(a°- 0 A+E 8 ) = -T,(Sj ->rr + E 8 ) , 
T,(S? -0 A + E 8 ) = -T t (A° -»7T + E 8 ) . (15) 


While the [/-spin related amplitudes for sextet satisfy 


T,(S+ n 8 7r + ) = -T S (E+ E° 8 K + ) 

T S (E~ n 8 7r-) = -T s (n~ E° 8 K~) 

T S (Q~ S°tt-) = -T S (E- n$K~) 

T s (Y,° b Eg Ji + ) = -T s (S;° Sg7r + ) 

T S (E'° 5gW + ) = -T S (E° E 8 -tt + ) 

T,(S'° -y P%K ) = ~T S { E° E+vr-) . 

T s (E' fe ° H°tf°) = -T S (E° n 8 K°) , 

T s (H;- n 8 K~) = -T s (Z' b ~ H°vr-) 


T,(E+ Eg A" 0 ) = -T S (E+ p 8 K°) , 

Ts( E- Eg A" 0 ) = -T S (Q- Sg-W 0 ) , 

W Eg A" 0 ) = -T S (E- -► 5g A' 0 ) , 
T S (E° p 8 vr-) = -T s (S'° Eg A" - ) , 
T s (E' b ° -+ Eg7T + ) = -T a (E° 5 8 -K+) , 
T,(S;° S+7T-) = -T s ( E° p 8 Ar _ ) , 

r s (5' b ° n 8 K°) = -T s ( E° H°A^°) , 

T s (s;- -► 5g-W°) = -T a (Sj- Eg A" 0 ).(16) 


The above relations can be directly read off from the diagrams shown in figures 1 and 2 
when specific quarks are assigned for each decay modes. For illustrations we take the pairs 
a). E b —y K + E 8 and A b —> vr + Eg for B decay, and b). Q b —> vr _ 5g and E^ —$■ K~n 8 for 
C decay as examples to provide some details. From tables in Appendix A, we find that for 
the pair in a), there are contributions from a t ( 3) and d t ( 3) terms. We focus on the diagram 
corresponds to dt( 3). For the pair in b), there is only e s (3) contribution. Specifying quark 
contents, we have 


*>) 


For Ej( -> A+E 8 , 
For A° —> 7r + Sg , 
For Q b —> vr _ Sg , 
For E^ —> K~n 8 , 


{Oj 1 , Qj, Qi, Qi") 
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(Qj', Qj, Qi, Qi") 
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(d, u, d, s ) . 

(s, d, u, s) , 

(d, s, u, d) . 
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Note that for each pairs one just needs to exchange all s quarks with all d quarks to 
go from one to another within a given pair. If U spin is a good symmetry, the amplitudes 
defined in eq.15 and eq.16 are therefore equal in magnitude. The relative minus sign for the 
amplitude in each pair in eq.15 and eq.16 comes from the fact that each diagram is contracted 
by e™' 1 " and efor B and C decays, respectively. For the pair in a), (i — 3, %' — l,i" = 2) 
and ( i — 2, i' — 1, i" = 3) for and A b decays, and for the pair in b), (i = 1, i' = 2, i" = 3) 
and ( i = 1 ,i' — 3 ,i" = 2) for and E^ decays, respectively. These specific values for i, i' 
and i" explain the relative minus sign in the relations. 


The above relations also hold even one include small penguin contributions 18|. These 
relations apply to both octets with J p = 3/2~ and J p = 5/2+. Due to mixing between r] 8 
and rji, the decay modes with r) 8 in the hnal sates is not as clean as those with n and K in 
the hnal state to study. We have not listed processes involve r) 8 above. 

The above relations lead to the following relations for each pairs above, 


A(B MV, AS = 0) = V ch V*jT , A(B ->• MV, AS = -1) = V cb V* s T , 


(18) 


and 


W cd \ 2 


T(B -> MV, AS = 0) 
T(B MV, AS = -1) ~ 


4.5% 


(19) 


When more data become available, with more pentaquarks discovered, the above relations 
can be tested. To study the Cabbibo suppressed decays, 20 times more data are needed. 

For the b-baryons decay into decuplet pentaquark, let us focus on b-baryons which un¬ 
dergo visible weak decays, namely A°, 5°, and decays. The full lists are given in 
the appendix. The b-baryons A b , 5°, E b belong to the anti-triplet B. Expanding the Erst 
equation in eq. (fl4l) . we have for AS = 0 amplitudes 
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and for AS = — 1 amplitudes, we have 
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Since there is only one unknown invariant amplitude a t 10 , all AS = — 1 decays are related 
among themselves. Also for AS = 0 decays. There are also relations between AS = — 1 and 
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AS = 0 decays. For example, indicating the decay width of —)■ P + At by T v b M , we have 
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Similar one can work out relations for 5 0,_ decays. 

With more data from LHCb, these relations can be tested and provide important infor¬ 
mation for diquark model for pentaquark. 

The b-baryon is a member in the sextet C. Expanding the second equation in eq. (lT4lh 
we obtain, for AS = 0 amplitudes, 
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and, for AS = — 1 amplitudes, 
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Since there are two invariant amplitudes, a s and b s , there are no simple relations for AS = 0 
and AS = — 1 amplitudes, but within each of them, there are direct simple relations and 
can be tested. We have 
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(25) 


In summary, we have studied some properties of the diquark model for explanations of 
the 3/2 + and 5/2” pentaquarks discovered at the LHCb. In the diquark model, these two 
pentaquarks are in octet multiplets of flavor SU(3). There is also an additional decuplet 
pentaquark multiplet and a singlet pentaquark. Finding the states in these multiplets can 
provide crucial evidence for this model. The weak decays of b-baryon to a light meson and 
a pentaquark can have Cabibbo allowed and suppressed decay channels. We find that in 
the SU(3) limit, for U -spin related decay modes the ratio of the decay rates of Cabibbo 
suppressed to Cabibbo allowed decay channels is given by | I4d| 2 /|Ws| 2 - There are also other 
testable relations for b-baryon weak decays. These relations can be used as tests for the 
diquark model for pentaquark. 
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Appendix A: SU( 3) amplitudes for a B or a C decays into an octet pentaquark. 


TABLE I: SU{ 3) amplitudes for Ag decays. 
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TABLE II: SU(3) amplitudes for H® decays. 


Decay mode 

<A( 3) 

M3) c t (3) dt(3) et(3) / t (3) 

AS = 0 


=» -» K+= s - 

(-2 

0 

0 

1 

0 

0) 

7r+S 8 

(-2 

-2 

0 

0 

0 

1) 

->• K-p 8 

(-2 

0 

0 

1 

0 

0) 


(-2 

0 

-2 

0 

-1 

0) 

[i] 

Cr-O 

i 

O 

[I] 

ooo 

(-2 

0 

-2 

0 

-1 

0) 

Z° b -> K°ng 

(-2 

-2 

0 

0 

0 

1) 

-> %As 

L- 12 

-2 

-2 

4 

-1 

1) 

^ 

575 ( 0 

2 

2 

2 

1 

-1) 

S2 ^ *°A° 

iTs (° 

2 

2 

2 

1 

-1) 

=» -► »»£» 

3 ("4 

-2 

-2 

0 

-1 

1) 

AS = -1 


E b -> 7r+S 8 

(0 

-2 

0 

-1 

0 

1) 

=» -» K~ E+ 

(0 

0 

-2 

-1 

-1 

0) 

-> 

7e (° 

-2 

4 

1 

2 

1) 

HO -+ tf°A° 

76 (° 

4 

-2 

1 

-1 

-2) 

H° -+ K°E° 8 

*<0 

0 

2 

1 

1 

0) 

HO -+ vrOHO 


2 

0 

1 

0 

-1) 
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TABLE III: SU( 3) amplitudes for E b decays. 


Decay mode 

at (3) 

M3) q(3) dt{ 3) et(3) / t (3) 

AS = 0 


E b ->• K~n 8 

(0 

2 

0 

1 

0 

-1) 

AT°H 8 - 

(0 

0 

2 

1 

1 

0) 


76 ( 0 

2 

2 

2 

1 

-1) 

S 6 7T~ Ag 

*<° 

2 

2 

2 

1 

-1) 

[I] 

1 

■1 

=4 

1 

M 

ooo 

7J(° 

-2 

2 

0 

1 

1) 

S 6 7T 0 E 8 

AV 

2 

-2 

0 

-1 

-1) 

AS = -1 


[i] 

i 

■1 

=3 

i 

[i] 

ooo 

(0 

2 

0 

1 

0 

-1) 

-+ J?°S 8 - 

(0 

0 

2 

1 

1 

0) 

E~ -)• ?7 8 H 8 

*(° 

2 

-4 

-1 

-2 

-1) 

[i] 

o- | 

>1 

1 

> 

ooo 

A 0 

-4 

2 

-1 

1 

2) 

[i] 

1 

1 

M 

OOO 

A 0 

0 

2 

1 

1 

0) 

E b -t 7 t°E 8 

*(° 

2 

0 

1 

0 

-1) 


TABLE IV: SU( 3) amplitudes for Q b decays. 


Decay mode 

d s (3) 

e s (3) / s (3) 

AS = 0 


^ b r l8^8 

Je (" 2 

-1 

0) 

n- -> iv _ A 8 

A 2 

0 

1) 

^6 77 S 8 

(0 

1 

0) 

M ->• 7r°Sg 


1 

0) 

-> JL-E° 

A 0 

0 

-1) 

D" -> E 8 AT 0 

(0 

0 

-1) 

AS = —1 


M ->• AT - S 8 

(1 

1 

1) 

M ->• -A 0 S 8 

(-1 

-1 

-1) 
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TABLE V: SU( 3) amplitudes for E' b decays. 


Decay mode 

4(3) 

e,(3) / s (3) 

AS = 0 



71 (1 

0 

0) 

S 6° 7r+S 8 

7!<» 

0 

-1) 

E' b ° -+ JL-p 8 

71 

0 

0) 

[I] 

°"o 

1 

M 

00_|_ 

*<° 

1 

0) 

[i] 

5? 

> 

ooo 

173^° 

-1 

1) 

"'0 _v TfO^O 
“h Jv ^8 

71 (° 

-1 

0) 

[I] 

■1 

03 

M 

OOO 

173 ( " 2 

-1 

-3) 

E'° -> 4% 

*<“ 

0 

1) 

ti] 

O 

> 

OOO 

571 ( 2 

3 

1) 

[I] 

=3 

O 

M 

OOO 

171 (° 

1 

-1) 

AS = -1 


E b -»• ^ +S 8 

75 (1 

0 

-1) 

H'° -+ AT - Eg 

71 ( 1 

1 

0) 

[i] 

5? 

[I] 

OOO 

173 ^ 

2 

3) 

[I] 

o 

K 5 * 

ooo 

173 ( 1 

-3 

-2) 

H'° -+ K° S° 

3("1 

-1 

0) 

[i] 

o 

[I] 

OOO 

1(1 

0 

1) 
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TABLE VI: SU (3) amplitudes for S' b decays. 


Decay mode 

4(3) 

e s (3) 4(3) 

AS = 0 


“6 V8^8 

573^ " 2 

-1 

-3) 

r! b — > K n 8 

73 (1 

0 

-1) 

[i] 

i 

o 

[I] 

00 | 

73 (1 

1 

0) 

E b ->■ n Ajj 

573 ( 2 

3 

1) 

[I] 

i 

M 

ooo 

i (0 

-1 

-1) 

S'’ -> 7T°Sg 

3(0 

1 

1) 

AS = -1 


r! b -»• % Eg 

273^ 1 

-2 

-3) 

OOO 

<1 

1 

X 

t 

1.0 

[I] 

273^ 1 

3 

2 ) 

ooo 

[I] 

1 

t 

1.0 

[I] 

73 ( 1 

0 

1) 

ooo 

w 

1 

t 

1.0 

[I] 

3("1 

-1 

0) 

=r -+ *■%- 


-1 

0) 

E'b -»• VT° “ 8 

3(1 

0 

1) 


TABLE VII: SU( 3) amplitudes for E^ decays. 


Decay mode 

4(3) 

e s (3) 4(3) 

AS = 0 


-> W8 

76 ( 1 

1 

0 ) 

E+ ->• 7r+n 8 

(0 

0 

1) 

£+ i^°E+ 

(0 

-1 

0 ) 

S+ K+ A° 

7 V 1 

0 

-1) 

S+ IL+E0 

73 ^ 

0 

1) 

->• p 8 vr° 

75 ( -1 

-1 

0 ) 

A5 = -l 


— » ??8^g 

Jfi 

2 

0 ) 

->■ vr + Ag 

7e ( 

0 

-2) 

E+ -► K+=§ 

(0 

0 

-1) 

S+ -+ vr + Sg 

73 ( 

0 

0 ) 

S+ ->• K°p 8 

(0 

1 

0 ) 

E+ V>£+ 

73 ( 1 

0 

0 ) 
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TABLE VIII: 517(3) amplitudes for E[) decays. 


Decay mode 

d s ( 3) 

e s (3) / s (3) 

A5 = 0 


->• Vans 

373 ( 1 

1 

0) 

S') -+ 77+E 8 

73 ( 1 

0 

1) 

->• 7T _ P8 

73 (1 

-1 

0) 

E° 77°A^ 

373 ( 1 

0 

-1) 

Eg -»• i7°Eg 

$(1 

2 

1) 

E° ->■ n 8 7r° 

^(-1 

-1 

-2) 

A5 = -1 


Eg i7+S g - 

*<° 

0 

1) 

EO vr + S 8 

A ( 1 

0 

0) 

Eg ^ K-p 8 

73 (0 

-1 

0) 

S') 7T-S+ 

73 ^ 

0 

0) 

78^0 

(0 

0 

0) 

EO -+ K°E® 


0 

-1) 

-»• 78^0 

75 ( 1 

-2 

0) 

E° -> K°n 8 

A (0 

1 

0) 

EO vr°A 8 

Te^ 1 

0 

2) 

S') vr°S 8 

(0 

0 

0) 


TABLE IX: 517(3) amplitudes for E fe decays. 


Decay mode 

4(3) 

e s (3) 4(3) 

o 

II 

< 


E fc ->• 7r n 8 

(-1 

-1 

- 1 ) 

S- i70S 8 - 

(1 

1 

1 ) 

A5 = —1 


^6 ~^ 7sS 8 

7 e ( 1 

-2 

0 ) 

E^ — > K n 8 

(0 

-1 

0 ) 

E,7 -+ K »=, 

(0 

0 

1 ) 

E fe ->• vr”A 8 

7 e ( 1 

0 

2 ) 

S,- vr-SO 

73 (1 

0 

0 ) 

E t - -4 7T°Eg 

73 ( 1 

0 

0 ) 
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Appendix B: SU(3) amplitudes for an sextet decays into a decuplet pentaquark 


For AS = 0 amplitudes, we have 


-'o 

-b 


a 


J 10; 


* : + ^ S A 1 + ^ + A ;„ + -h A+E 

+6,io(ir-A+ + - A x o A + + A=tj s A+ + -k A »E+) , 

E» : a . 10 ( i^A", + -h T+A - + -L A +E r „ + -h*- A + + A=A"E» 


10 ; 


+6 


slO 


:^- A fo - +i» 8 A? 0 +-h A » E o o) _ 

1 -- A " 1 -»Ar„ + 4>)8 A ro + 4A°sr„), 


(a sl0 + b s io)(—7=TT A 


73 


MO 


72 


71 


76 


73 


“* lo( VS^’Afo + ^ K ° A °0 + 2^7^° + ,/6 ,r+Ero + ^ /f+Sr ° ) 


+ ^(|,-Ef 0 --L,»E ?0 + ^ 8 E ?0 + | A " S;o) , 
a, io( ^= A -A?° + ^K°AT„ + - ghPn + ^ A '° = " 


10 J 


+b 


slO l 


1 

7 ! 


:7T-S ? 0 


1 0 V - a. 1 V- a. ^ 

7S 10 + 1* 10+ 71 


io ) 


a, 10 ( A A -e » 0 + -h A »E ro - A„ s S° 0 ) 

+frsio(7f 77 — V^ n °^ 10 v? 8 - 0 ’ 


(Bl) 
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and for AS = — 1 amplitudes, we have 

E+ 


:'o 


n: 






+6, 10 (A'-A++ + 4a°A+ - A m -z 


lot > 


y° . 


OslO 

+7l0 

OslO 


'■ E “ + ^ + >" =0 


76 
,72 r _ 


10 + V 6 Ir+Er ° + V6 K+1 


not 


+ A VsS 
vr" E!o " 7i' r ° Er “ + iVf" sE 


0 1 

10) ) 


10 T v / 3 /f ° Hro) 


, 1 

vr 

1 


72 


+b sl0 (—K-A° 10 + K°A^ 0 - ^- V8 E 


lot > 


+ 273 X ° E?0 + 273 7r ° 5?0 6**““ 


0 + ^7T + sr n + 4=A'+n 


76 


72 


lot 


tslO 


'^K~ E+ + —7aT°E° “° 


73 

1 


flsiol 


no 

v'O 


i 

7T 


10 2^8^101 ) 


273 “ ~ 10 1 76 1U 6 


1 

7t 

72. 


A E'/ n H-— AT U E 10 — 7 ^ 8-10 3 te 71 “io — TTT^^^io 3 7 ^°^iot 


76 


273 


72 


+ksio(y| A ^°° + 7f A ^° Sl0 ~ 3^ 8 i=, io^ > 

1 1 \/2 

( a «10 + b s lo)(^^K “10 + — ^ 8 ^ 1 0 ) • 
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